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[Title of Invention] 

Planar Light Source 

[Abstract] 
[Objective] 

Planar llg L ^^^V^S^S^^d^^ 

[Constitution] 
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[Claims of the Patent] 
[Claim 1] 

Planar light source which is characterized as follows- At at 
least one site on the end face of a transparent light -transmitting 
Plate, a blue light emitting diode is connected optically, and at 
either one of the main surfaces of the said light- transmitting 
Plate, there is a fluorescence scattering layer which is coated 
with a mixture of a fluorescent substance which emits fluorescent 
light when excited by the luminescence of the said blue light 
emitting diode and a white powder which scatters the fluorescent 
light. The luminescence of the said blue light emitting diode 
undergoes a change of wavelength at the said fluorescence 



scattering lay5r and this is observed Erom 

t L° £ li9ht «*«• « «» CPP«U. .L o che 

said fluorescence scattering layer. 

[Claim 2] 

th»r ^ Planai " UghC S ° UrCe dSSCribed in C1 *^ 1. characterized in 
that the saxd blue light emitting diode has a main light emission 
wavelength which is shorter than 500 nm and that its light emitting 
output is over 500 pW. 

[Detailed Description of the Invention] 
[0001] 

[Field of Application in Industry] 

This invention is related to a planar light source that is 
used as a backlight of displays and back-lighted operating 
switches. in particular, it is related to a planar light source 
that can be used suitably as the backlight of a liquid crystal 
display. 
[0002] 

[Existing Technology] 

Generally, as a planar light source for use as the backlight 
of a liquid crystal display which is used in notebook type personal 
computers and Warpro [phonetic transliteration], for example, EL 
and the cold cathode tube are used. EL is a planar light source by 
itself and the cold cathode tube is made to be a planar light 
source by using a diffusion plate; currently, the emitting colors 
of the these backlights are mostly white. 
[0003] 

On the other hand, the light emitting diode (hereinafter, this 
is written as LED) is also used in part as a light source for the 
backlight. However, in the case of obtaining white luminescence by 
using the LED, in the past, the luminescence output of blue LEDs 
was only about several tens of uW, and so in order to realize white 
luminescence using a red LED and a green LED, it was difficult to 
match the characteristics of the luminescence LED of each of these 
colors and thus there was the shortcoming of large variations in 
color. Also, even when LEDs of 3 primary colors are gathered and 
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arranged at the geometrically same positions on the same pl ane 
these LEDs are visually reC o g ni 2e d [to be] at close ad-^nt 
positions as far as the back-light is concerned, and therefore it 
was ..possible to make a uniform white light source. Co , 
at present, as for the planar light source for a white liJT 
crystal backlight, the cold cathode tube is used for the large type 
and the EL is used for the small-medium type, and a backlight of 
white luminescence using LEDs is almost unknown 
[0004] 

Also, as for the white luminescence or monochromatic light 
source, there were attempts by some to surround the periphery of 
the blue LED chip with a resin containing a fluorescent substance- 

have aT ^ * ^ iS C ° ll * ht ^ 

have a stronger radiation intensity than sunlight, degradation of 

the fluorescent substance became a problem; this is particularly 
true with organic fluorescent substances. Further, with organic 
dyestuff of the ionic type, electrophoresis is induced near the 
chip by the dc electrical field and the color tone can change. 
Also, the existing blue LEDs did not have sufficient output for 
changing the color by a fluorescent substance, and even if the 
color change was done, it was not something that could be used 
practically. 
[0005] 

[The Problem which the Invention Intends to Solve] 

This invention was accomplished to solve this shortcoming and 
its objective is to realize, by using LEDs, a planar light source 
wherein white light can be emitted for use mainly as a backlight 
and to provide a planar light source wherein uniform white 
luminescence can be observed. Further, the objective is to provide 
a planar light source which can emit any color other than white and 
utilize the excellent reliability characteristics of LEDs and use 
this in various types of operating switches. 
[0006] 

[The Means for Solving the Problem] 

The planar light source of this invention is characterized as 
follows: At at least one site on the end face of a transparent 
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light-transmitting plate, a blue light emitting diode is connected 
optically, and at either one of the main surfaces of the said 
light-transmitting plate, there is a fluorescence scattering layer 
(hereinafter, the main surface of the fluorescence scattering layer 
side is called the "second main surface") which is coated with a 
mixture of a fluorescent substance that emits fluorescent light 
when excited by the luminescence of the said blue light emitting 
diode and a white powder which scatters the fluorescent light, "a 
part of the luminescence of the said blue light emitting diode 
undergoes a change of wavelength at the said fluorescence 
scattering layer and this is observed from the side of the main 
surface (hereinafter, the main surface of the luminescence 
observation side is called the "first main surface") of the light 
transmitting plate at the opposite side of the said fluorescence 
scattering layer. 
[0007] 

Figure 1 is a top view of the light -transmitting plate 2 of 
the planar light source of this invention as seen from the side of 
the fluorescence scattering layer 3. The light transmitting plate 
2 is made of a transparent material such as acrylic or glass. At 
the end face of this light transmitting plate 2, a blue LED l is 
buried, and by this, the light transmitting plate 2 and the blue 
LED 1 are connected optically. Now, in this invention, that the 
blue LED 1 and the end face of the light transmitting plate 2 are 
optically connected means, in brief, that the light of the blue LED 
is led in from the end face of the light transmitting plate 2. For 
example, as indicated in this figure, this can be realized by 
burying the blue LED 1, of course, and by bonding the blue LED or 
by using an optical fiber to lead the luminescence of the blue LED 
to the end face of the light transmitting plate 2. 
[0008] 

Next, the fluorescence scattering layer 3 is made by coating 
an ink in which the fluorescent substance and the white pigment are 
mixed so that the desired color can be observed. The luminescence 
of blue LED 1 is wavelength- converted by the fluorescent substance, 
and at the same time, the fluorescence is scattered inside the 
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light-transmitting plate 2 hv m a u • 

Figur. 1, the construction is one in which two blue LEDs ar. 
Positioned at one end f ac. ; but it 9 oes without sa^in'tha" i£ che 
3 h t ra iceing plate u a square shape _ ^ ^ » ««. the 

at all end faces at four sides. Also, the number of LEDs is not 

Toll '"T FU " her ' d6Pendin9 °" tte — 9-ent o h- Teds 
first ° 7 1Umil — " f»- the side o the 

first *ain surface be uniform i„ a plane, one can suitably chaL 

[0009] 
[Action] 

moun ; i9U " 2 " 3 Schem *^ "ess section diagram in the case of 
.ountang the planar light source of this invention as a backlight 
of the l lquid crystal panel, for example. In this, at the side of 
the second mam surface of the planar light source shown in Figure 
1, there « xnstalled a reflection plate which is made by 

ba™^ 7 SXamPle ' 3 SCa " er re£l6Cti0n lay - 6 insisting of 
barxum txtanate, tatanxum oxide, aluminum oxide and a base 7 

consisting of Al, and at the side of the first main surface, there 
15 lnstalled • ^gh t diffusing plate 5 whose surface is made 
uneven This construction has no particular difference from the 
backl lght in which a cold cathQde fcube is used ^ 

[0010] 

First, as indicated by the arrow sign of Figure 2, the light 
whxch comes out from the blue LED l is radiated near the chip to 



-S- 



JP Unexamined P««nt 7-176794/199S 



Fas. 



Tro.r-13 I at i o m 3. 



Che outside, excluding a part of thm l < u» 

«« 0£ eh . light reac v th r : :LTj^\i r TT ing piace ' b « 

Pl«. wKUe repeating Cotal re£1 = 0 = £ ^ »^^n g 

Plate 2 tk, i ■ , , 1 in cne -Light transmittina 

. ^xetce ^. x^ e light which rearhpc h u fl ^ in 3 

r e flection membrane 4 whic ;:; h f e o s r : e h : : d a r:/; h r rr at the 

repeats total reflection. At this time , . ^ \ \ 
scatt ered by the fluorescence scattering layer ^AVlZlL 
at the second mam surface side of the light transiting pla t . 
also, a part of the light is absQrbed fluorescent subs ! 

and th fcime> ig wavelength . converted ^ < 

Thus, as for the color of luminescence observed from th. f I • 
surface side of the lig ht transmitting plate 2 ^hT 

rz f r these \ i9hts can be observed - f - ™* * 

Planar Ixght source xn which the fluorescence scattering layer 3 
casting of orange colored fluorescent pigment and white pigment 
the color of luminescence from the blue LED can Le observed as 
white by the action which was described previously. The color tone 
can be adjusted optionally by the type of fluorescent substance and 
the mixing ratio of the white pigment. Particularly in this 
invention, as to the emission wavelength of one of the blue LEDs 
the main emission peak needs to be shorter than 500 nm and its 
emission output needs to be more than 2 00 u w, more preferably more 
than 300 uW. The reason for this is that, if the emission 
wavelength is longer than 500 nm, it is difficult to realize all 
colors, and also, if the emission output is less than 200 u w it 
tends to be difficult to obtain a light source of planar emission 
with sufficient and uniform brightness even if the number of blue 
LEDs connected optically to the end face of the light transmitting 
plate is increased. 
[0011] 

[Examples of Application] 

[Example of Application 1] 

At one side face of the acrylic plate of about 2 mm thickness, 
the fluorescence scattering layer 3 was formed by screen printing 
to a pattern of dot form shown in Figure l. The fluorescence 
scattering layer 3 was formed by printing with ink which was 
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SMe £lrm " ere ™ lxed in amounts to obtain the fluoresced 

r:i::„: th : s a i barium ticana " - «- — - e :l r 

(0012] 

Next, the acrylic plate on which the fluorescence scattering 
layer was formed as described above was cut to the desired pattern 
All of the end face (cut face) of the acrylic plate was ground, and 
on the ground surface, the reflection layer 4 consisting of Al was 
formed to obtain the light transmitting plate 2 in which the 
fluorescence scattering layer 3 was formed. [0013] 

At two sites on the end face of the said light transmitting 
Plate 2, a hole was installed at each site, and in this hole, one 
blue LED consisting of a gallium nitride compound semiconductor 
having an emission wavelength of 480 nm, emission output of 1200 U W 
was buried to obtain the planar light source of this invention 
The blue LEDs of this planar light source were lighted 
simultaneously, and from the side of the emission observation 
surface of the light transmitting plate 2, approximately uniform 
planar luminescence of a somewhat yellowish white color was 
obtained. Further, at the emission observation face side, a light 
diffusing plate on which a mat processing was applied in advance 
and a reflection plate in which a barium titanate layer 6 was 
coated on an Al base 7 were installed at the fluorescence 
scattering layer side 3 to use as a light source for backlight, and 
in the result, completely planar, uniform white luminescence was 
obtained from the light diffusing plate side 5. The brightness was 
55 cd/m 2 . 

[0014] [Example of Application 2] 

The fluorescence scattering layer 3 was formed as follows: As 
the yellow fluorescent dyestuff, Lumogen F Yellow- 083 of the BASF 
Co. was used, and as the orange color dyestuff, Orenge-24 0 of the 
same firm was used, and these were mixed in equal amounts; the 
mixture was dissolved in butyl carbitol acetate to prepare the 
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fluorescent dyestuff; as the white substance, bariu. titanate was 
used; the fluorescent dye stuff and the white 3ubstance ^ »« 
by a wexght ratio of 1 (dye) :20 0. Other than this, the same 
procedure as in Example of Application 1 was followed to obtain the 
Planar light source of this invention and approximately uniform 
Planar luminescence was observed. Further, by the same procedure 
a light source for backlight was obtained and a perfectly uniform' 
planar luminescence was observed. 
[0015] 

[Effectiveness of the Invention] 

As has been explained above, the planar light source of this 
invention uses blue LEDs, and furthermore, on the surface of one 
so.de of the light transmitting plate, it has a fluorescence 
scattering layer that contains a fluorescent substance that can 
wavelength-convert [the light emitted] by the blue LED and a white 
powder, and by this, it has become possible to realize a planar 
light source by LEDs having excellent reliability. Moreover the 
white powder of the fluorescence scattering layer has the action of 
reflecting and diffusing the light which is wavelength converted by 
the fluorescent substance and so the amount of use of the 
fluorescent substance being used can be kept small. Another 
convenient point is that, as there is no direct contact between the 
LED chip and the fluorescent substance, there is little degradation 
of the fluorescent substance, and over a long period, there is no 
change in the color tone of the planar light source. Further, 
regarding the color tone, any color tone including white can be 
provided by varying the types and amounts of mixing of the 
fluorescent substance and the white powder. 
[0016] 

On the other hand, as for the side of exciting the 
fluorescence scattering layer, by making the emission output of the 
blue LED being used most preferably to be over 200 uW, it is 
possible to realize a bright planar light source of large area by 
the efficient wavelength-conversion by the fluorescent substance. 
Thus, the planar light source of this application can be used not 
only as a light source for the backlight but also in the backlit 
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operating switch which utilizes a *i, 

utilizes a fluorescent substance. 

[Brief Description of the Figures] 
[Figure l] 

[Figure 2] 

Schematic cross section diagram in the case of mountina the 
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[Description of the Codes] 

sc^ t ering L fayer." 4 " ^MSr 1 ^" 9 plate; 3 " Fluorescence 
Plate; 6 !- setter r.flSE^Syijr?''.? ^ di «--* 
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